SUMMARY To determine the importance of different atrioventricular intervals during exercise in patients with dual chamber pacemakers, seven patients with complete heart block and sinus rhythm were exercised in different pacing modes and atrioventricular intervals: (a) ventricular inhibited (VVI) pacing with no synchronous atrial augmentation or rate responsiveness; (b) atrial synchronous ventricular or DDD pacing with a short mean (SD) atrioventricular interval of 66 (4) ms; and (c) DDD pacing with a long atrioventricular interval of 168 (12) ms. Pacing with a short or long atrioventricular interval gave similar maximum heart rates, oxygen uptake at the anaerobic threshold, end tidal pressure of carbon dioxide or oxygen pulse (a measure of stroke volume). Pacing with either a short or long atrioventricular interval produced a significantly higher oxygen consumption and anaerobic threshold and less lactate production than VVI pacing.
Dual chamber pacemakers that allow synchronous atrioventricular pacing can increase resting cardiac output by as much as 29% compared with ventricular fixed rate pacemakers.'`' This improvement in exercise capability may be attiibuted either to an atrioventricular interval that results in a properly timed atrial contraction before ventricular contraction or to the atrial rate responsiveness that permits the ventricular pacing rate to increase with metabolic demands.' It is unclear, however, whether a specific atrioventricular interval will improve haemodynamic function during exercise in patients with dual chamber pacemakers.7' This study was designed to measure cardiopulmonary function to determine what atrioventricular interval contributes most to improve exercise performance in patients with dual chamber pacemakers.
Patients and methods
We studied seven patients with dual chamber Requests Ventricular inhibited pacing (VVI) with the ventricular rate programmed to the sinus rate at rest. Variation in paced rate reflected different sinus rates at rest. This mode meant that there was no synchronised atrial contraction because all patients were in complete heart block and their ventricular rates did not increase with exercise.
Universal or DDD pacing with a short atrioventricular interval as suggested by von Bibra et al."0
The mean atrioventricular interval was set at 66 ms. Patients used their own sinus rate to control the implanted pacemaker. Thus the pacemaker functioned as ifit were in the VDD mode during exercise.
Universal or DDD pacing with a long atrioventricular interval of mean (SD) 168 (12) ms. This Pacesetter AFP  16  65  165  5  2  M  49  61  None  Pacesetter AFP   7  65  165  10  3  F  60  56  MVR  Pacesetter AFP  2  65  165  5  4  M  62  110  IHD  Cordis Gemini  36  75  175  10  5  M  55  105  IHD  Pacesetter AFP  18  65  165  10  6  M  41  84  AVR  Intermedics Cosmos  13  65  150  15  7  M  24  70  AVR  Pacesetter Genesis  1  65  190  10  Mean (SD) 51 (14) The patients exercised on a calibrated, electronically braked stationary cycle, ergometer (Godart, Bitthoven, Netherlands). They breathed through a rubber mouthpiece attached to a 49 ml deadspace breathing valve (Edward Koegel, San Antonio, TX). The expiratory flow was passed over an ambient-temperature water bath through a Fleisch No. 3 pneumotachograph. A differential pressure transducer (47304A; Hewlett-Packard, Palo Alto, CA) measured pressure across the pneumotachograph to calculate expiratory flow. Gas was sampled at the mouth through a capillary tube at a rate of 60 ml/min and analysed by a mass spectrometer (MGA-1 100, Perkin-Elkmer, Pomona, CA). Heart rate was continuously monitored and a three lead electrocardiogram was recorded intermittently during exercise to ensure proper pacing. both were higher than with VVI pacing (p < 0-05). The oxygen pulse (oxygen uptake/heart rate) was higher with VVI pacing than with either short or long atrioventricular intervals (p < 0 01, fig 3) .
The anaerobic threshold was significantly lower with VVI pacing than with short or long atrioventricular intervals as measured by oxygen uptake at the anaerobic threshold (p < 0-025, table 3) or by the time taken to achieve anaerobic threshold (p < 0-01, fig 4) . Although there were no statistically significant differences among the respiratory exchange ratios for different pacing modes there was a tendency for DDD pacing to give lower values than VVI pacing.
Discussion
In the past decade dual chamber pacemakers have * been developed that permit appropriate synchronisation of atrial contraction before ventricular systole. There Von Bibra et al studied resting M mode echocardiographic measurements in patients with pacemakers and showed that a short atrioventricular interval of 50 ms or 75 ms was likely to promote more physiological conditions by maximising left ventricular filling time.'0 They found that a short atrioventricular interval still produced atrial augmentation of ventricular filling (VDD) probably because of an additional 80 ms electrical mechanical delay between the ventricular pacing spike and the Q wave on the electrocardiogram in patients with pacemakers compared with patients in sinus rhythm. Thus the functional atrioventricular delay was 80 ms longer than the atrioventricular interval set on the pacemaker. They concluded that, theoretically, a setting giving a short atrioventricular interval would be sufficient to maintain normal intervals between atrial and ventricular contraction in paced patients (VDD). However, Haskell and French, using pulsed Doppler derived measurements of cardiac output in resting patients showed that a short atrioventricular interval of 66 ms (mean) gave the lowest cardiac output. 8 Von Bibra et al also showed that a longer atrioventricular interval of 150 ms often meant that the mitral valve closed before the onset of ventricular systole. This would reduce late diastolic ventricular filling and presumably cardiac output. However, others showed that an atrioventricular interval of 150 or 200 ms caused the largest increase in cardiac output but than an atrioventricular interval of250 ms resulted in a fall in cardiac output.8
In the current study there was no significant difference during exercise between a short and long atrioventricular interval, but both settings gave more physiological benefit than fixed rate ventricular pacing. This conclusion is based on measurement of cardiopulmonary function in patients paced in different modes during exercise. Maximum oxygen uptake was higher at both atrioventricular intervals than during VVI pacing, suggesting that both settings gave similar physiological benefits and were better than fixed rate VVI pacing during exercise. Maximum oxygen uptake is probably the best single physiological indicator of a patient's capacity for maintaining heavy work. Factors which limit maximum oxygen uptake are cardiac output, oxygen utilisation by the exercising muscles, and the gas exchange properties of the lungs. Since patients were exercised for the same amount of time and workload, oxygen use by muscles and gas exchange in the lungs were similar in all three paced groups. The increase in cardiac output probably reflected differences in Haskell, French atrial augmentation or heart rate or both. Values for maximal oxygen uptake were below predicted values foi normal subjects because heart function was compromised. But the small changes measured in this group of patients gave an appreciable percentage change in total oxygen uptake during exercise. Most patients in this study had a reduced anaerobic threshold and reduced oxygen uptake at the anaerobic threshold. The mean values for the anaerobic threshold and oxygen uptake at the anaerobic threshold for patients with different atrioventricular intervals were similar and slightly reduced, but both variables were significantly better than in the VVI mode. Since the oxygen uptake at the anaerobic threshold defines the level of work that a patient is capable of sustaining, this suggests that the different atrioventricular settings probably permitted the patient to function at a higher workload, without resorting to anaerobic metabolism, than fixed rate VVI pacing.
End tidal carbon dioxide pressure was higher with both atrioventricular intervals; this was probably because lactate production from muscles was reduced as a result of a higher cardiac output. More lactate was likely produced with VVI pacing because cardiac output was lower. The lactate acidosis stimulates the carotid chemoreceptors and leads to hyperventilation and a lower end tidal carbon dioxide value.
Because the oxygen pulse was greatest with VVI pacing, exercise performance in this mode was probably dependent on increased oxygen extraction by the exercising muscles and not on improved cardiac output from enhanced cardiac function. Since the amount of oxygen that the muscles can extract is limited, this may account in part for the inability of patients to exercise as efficiently in the VVI mode as in either ofthe other two DDD settings.
ATRIAL AUGMENTATION AND RATE RESPONSIVENESS
This study was not designed to compare the usefulness of atrial synchronised contraction with rate responsiveness. Karlof 
